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CHARGER PLUG WITH IMPROVED
PACKAGEL

FIELD OF THE INVENTION

The mvention relates to charger plugs and, 1n particular, to
a plug for electronic devices, and, more particularly, a power
converting plug for portable electronic devices, the plug hav-
ing an improved package by simplifying the construction and
reducing the size of the package.

BACKGROUND

Currently, portable electronics and other devices are pro-
vided electric energy via a plug provided with prongs or
blades that are iserted into a power outlet. Often, the plug
provides some type of power conversion or conditioning, etc.,
so that the power delivered to the electronic device 1s 1n a state
that 1s usable by the electronic device. Most particularly, the
plug acts as a converter so that power recerved from the plug
ol a certain voltage, as well as preferably a certain current
type (1.e., alternating current or direct current) 1s transmitted
to the electronic device with a pre-determined voltage and
current type. Towards this end, the plug may recerve, e.g., 120
VAC and supply a stepped-down voltage as a direct current,
such as 5-20 VDC. The plug, as described, 1s thus a converter
plug and, for electronic devices that are portable and charge-
able, the plug 1s commonly referred to as an ac adapter or
charger plug. In order to effect such power conversion, the
plug includes internal circuit components, the components
then being electrically connected to a power coupling such as
a cord that extends from the plug.

There are significant 1ssues with such plugs, such as the
s1ze of the plug. Efforts to reduce the plug vertical and lateral
dimensions are well-known so that, when the plug prongs are
inserted nto a power receptacle or outlet or power strip (a
power source), the plug itself provides little or no interference
with use of an adjacent receptacle. Often times, however, plug
designs having reduced vertical and lateral dimensions
require an increased plug length (1.e., the dimension of the
plug aligned with the direction of the plug prongs). This
increased length may hinder the ability of a user to locate the
plug 1n an outlet that 1s behind, for instance, a furniture item,
and may require the plug to protrude in a manner that makes
the plug susceptible to being struck, that makes the plug
susceptible to backing out of the receptacle due to the torque
provided by its own weight, or that makes the plug simply
unsightly.

Another 1ssue with such plugs 1s cost, which 1s typically a
two-fold problem. One aspect of the problem 1s that packag-
ing material costs for a larger plug are simply greater than for
a smaller plug.

The other aspect of the problem 1s the cost of manufactur-
ing and assembling the plug. In many prior art plugs, the
blades (including the prongs receivable i the outlet) are
insert molded, which 1s a relatively expensive process and
requires approximately 20 seconds of mold time. To be more
specific, the process requires the blades to be positioned 1n
proper registry within a mold cavity. The mold then receives
the material for a plug housing 1n a flowable state (such as by
transier or injection molding, as examples). The maternial then
cools and hardens so that the blades and housing portions can
be removed. Because the temperature of the metal blades 1s
clevated, the molding must be cooled sufliciently that the
blades do not cause creep 1n the thermoplastic creep material,
which requires time. Nonetheless, errors do result from
improper positioning or inadvertent movement of the blades
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during the molding process, which results in production
waste, at least 1n terms of time and etffort.

After the blades are insert molded, they must be joined with
the internal circuitry of the plug, that 1s, the circuitry that
provides the power conversion. In most prior art plugs, this
requires hand soldering within the plug housing to join con-
nections on the blades with either wires leading to the cir-
cuitry or with contacts directly located on the circuitry, such
as a printed circuit board (PCB). This process 1s manually
performed and requires patience and care, which translates to
labor and time. This process can also result in errors as 1t 1s
difficult to avoid contact of a solder 1ron or other implement
from contacting the plastic housing (resulting in damage
thereto), and as it 1s difficult to immediately recognize
improper solder joints. Additionally, 1t 1s difficult to test the
plug device for proper operation until after the blades are
soldered/secured with the circuitry, at which point removal of
defective components 1s labor intensive.

It should also be noted that use of solder and hookup wire
requires packaging space. That is, utilizing solder and hookup
wire for electrically connecting the blades to the circuitry
requires a mimmum solder joint, at least for reliability pur-
poses as well as typically for practical purposes as 1t 1s diifi-
cult to utilize a small amount of solder. The wire length needs
to be long enough to allow soldering while the components
are separated. This length of wire takes up space 1nside the
package and can get 1n the way when closing the package.
Accordingly, the packaging and, more precisely, the housing
or body of the plug must accommodate such solder joints and
hookup wire, resulting 1n a larger plug package size or dimen-
sion directly attributable to the solder joints and hookup wire.

One example of a plug having internal circuitry for AC
conversion to DC 1s described 1n U.S. Pat. No. 6,644,984, to
Vista, Jr., et al. Notably, the 984 patent 1s directed towards
reducing the package size and the profile of the plug, as well
as eliminating the need for flexible wires or direct soldering
between the blades and the circuitry, which purported results
in quicker assembly.

Nonetheless, the various forms of the 984 patent have an
clongated plug length due to the manner of connecting the
blades with the circuitry. Each of the forms described has a
forward body portion 1n which the blades are mounted, the
blades having a rearward extension that 1s connected, without
solder, with contact terminals on a PCB. Each of the contact
terminals requires an fore-to-aft extended structure for either
forming a leaf spring biased against the blade or supporting a
receptacle for receiving a portion of the blade therethrough.
In each form, then, the configuration and construction of the
blades and the contact terminals require additional length for
the plug size and package. Furthermore, the structures for the
contact terminals require a certain amount of material and are
stamped 1nto form.

The *984 patent also requires additional components and
manufacturing steps. While the forms illustrate a manner of
connecting the blades without the use of solder, the designs
still require blades that are insert molded into the forward
body portion. In the simplest form, the manufacturing steps
include first securing the PCB 1n a rear housing/body portion
in proper alignment, then advancing the rear body portion and
PCB toward and into engagement with the forward body
portion and blades molded therein, whereupon the body por-
tions are secured. In more complicated designs, the forward
body portion first recerves the PCB, and the sub-assembly 1s
then mounted into a clamshell-type rear body portion having
top and bottom halves.
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Accordingly, there has been a need for an improved plug
package design with a reduced size and improved manufac-
turability.

SUMMARY

In accordance with an aspect, a charger plug 1s disclosed
including internal circuitry for converting mnput electrical
power to output electrical power, a housing comprising upper
and lower halves defining an interior space for the internal
circuitry, an input assembly including prong portions for con-
necting with a power outlet and at least one leg portion,
wherein at least one of the upper and lower halves includes an
opening for slidably recetving each leg portion, and a pair of
clectrically conducting spring contacts in biased engagement
with respective portions of the mput assembly for receiving
input electrical power therefrom, the spring contacts 1n elec-
trical connection with the internal circuitry.

In some forms, the input assembly 1ncludes a pair of elec-
trically conducting blade members including respective
prong portions, a portion of each blade member being
received i respective openings in the upper and lower halves.
The upper and lower halves may each include a pair of blind
openings oriented generally vertically for recerving respec-
tive portions of the blade members therein for securing the
blade members. The spring contacts may be mounted on the
internal circuitry and be biased against a portion of the blade
members.

In some forms, the mnput assembly includes first and second
blade members 1including respective prong portions, each of
the blade members having a portion rearwardly located from
the prong portions and slidably received 1n openings in each
of the upper and lower halves for slidably mounting therein.
The openings and blade member rearward portions may be
configured for a Irictional and non-rotational fit therebe-
tween. The spring contacts may be 1n biased engagement with
the blade member rearward portions. The spring contacts may
be formed of wire for low manufacturing cost. The spring
contacts may 1include a flexing spring arm portion and a
torsion spring portion for contacting the blade members and
may include a portion designed to snap-fit within the internal
circuitry for assembly ease. The spring arm portion may
extend 1n a longitudinal direction and be resiliently flexible 1n
a lateral direction thereto, and shifting of the spring arm
portion from a natural position by the blade members may
create a contacting force therebetween for providing and
maintaining electrical connection between the spring contact
and 1ts respective blade member. The spring contacts may
also include a portion secured with the internal circuitry to
resist rotation of the snap-fit portion. The spring arm may
include a forwardly extending portion for biased engagement
with the blade members. The spring contacts may further
include a torsionally flexing spring arm portion for providing
an elastic contacting force with the blade members.

In some forms, the mput assembly may include the prong
portions being secured without molding such as insert mold-
ng.

In some forms, the electrical connection between the input
assembly and the spring contacts 1s solder-less.

In another aspect, a charger plug providing power conver-
sion for rechargeable electronic devices 1s disclosed, the
charger plug including internal circuitry for converting input
clectrical power to output electrical power including a plural-
ity ol components for power conversion mounted on at least
one board and including electrical connections for receiving
power, an 1nput assembly including first and second blades
having prong portions for connecting with a power outlet and
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transmitting input electrical power to the internal circuitry via
the electrical connections, and a housing defining an interior
space for the internal circuitry and slidably mounting the
input power assembly therewithin and 1n electrical commu-
nication with the electrical connections, the electrical con-
nections being forwardly biased into engagement with the
blade members.

In some forms, the blades are separate members having a
rearward structure with a rearwardly oriented surface, the
housing includes openings for slidably receiving portions of
the blades, and the electrical connections are forwardly
biased into engagement with the rearwardly oriented surtace.

In some forms, the housing includes upper and lower
halves, each of the halves includes openings for recerving
generally vertically oriented leg portions of the blades, and
cach of the halves includes slots for forwardly extending
prong portions.

In a further aspect, a charger plug for converting input
alternating current power received from a power outlet to
output direct current power, the charger plug being electri-
cally connectable to a rechargeable electronic device for pro-
viding power thereto, 1s disclosed, the charger plug including
a housing having a first end oriented towards a power outlet
when connected thereto and a second end extending 1n a first
direction away from the first end, and first and second sepa-
rate blade members secured with the first end of the housing
sO as to have prong portions extending 1n the first direction
from slots formed 1n the housing, the blade members having
mounting portions extending in a second direction that 1s
transverse to the first direction, wherein the housing includes
openings for slidably receving the mounting portions.

In some forms, each of the blade members 1s shaped with a
prong portion extending in the first direction, with an elbow
portion connected with the prong portion, and with the
mounting portions connected to the elbow portion, wherein at
least either the elbow portion or the prong portion extends
through the slots. The housing may include upper and lower
halves, the blade mounting portions may have generally rect-
angular cross-sections, each of the halves may include
respective openings of generally rectangular cross-section for
receiving the rectangular blade mounting portions, and the
slots may be defined by slot portions of both of the halves.

In some forms, the charger plug includes internal circuitry
for converting the power, the internal circuitry having a board
for supporting components thereon, the board including an
clongated slot and an opening, and spring contacts formed of
wire and including a compressible elbow portion for snap-fit
receipt 1n the elongated slot and including an extending por-
tion recerved 1n the board opening for resisting forces on the
spring contacts, wherein the spring contacts are biased nto
engagement with the blade members for electrical connec-
tion.

In some forms, the charger plug 1s sized so as not to impede
access to or use of an adjacent outlet.

In some forms, the charger plug includes a power cord
mounted at the second end of the housing for providing output
power to the electronic device. The charger plug may include
a connector for connecting with a power cord to provide
output power to the electronic device. The connector may be
mounted for connecting with the power cord proximate the
second end of the housing. The blades may be connectable
with the power outlet when advanced 1n said first direction
and be removable from the power outlet when advanced in a
direction opposite said first direction, and the power cord may
be electrically connectable with the connector when
advanced 1n said first direction and be removable from the
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connector when advanced 1n said direction opposite said first
direction. The connector and blades may be generally aligned
relative to each other.

In a still further form, a method of assembling a charger
plug for converting input electrical power to output electrical
power 1s disclosed, the method comprising the steps of pro-
viding a pair of blade members including a first portion 1n the
form of a prong for each of negative and positive terminals of
the charger plug and including a second portion for mounting,
forming a housing having at least respective openings for
receiving the second portion of each of the blade members in
an 1nterior of the housing and having at least a slot for per-
mitting the prong of each blade to extend forwardly from the
housing for connection to an electrical outlet, providing inter-
nal circuitry for power conversion, the internal circuitry
including a board for supporting components thereon, for
cach of the positive and negative terminals, providing a spring
contact member having a spring arm, mounting the spring
contact members on the board in electrical connection with
the internal circuitry, slidably inserting the second portion of
cach blade member 1n the interior openings of the housing for
mounting the blade members therewith, after the slidably
inserting step pressing the spring contacts against a rearward
surface of the blade members to shift the spring arms towards
the board, and aifter the pressing the spring contacts step
closing the housing.

In some forms, the method further includes the step of,
alter the pressing the spring contacts step pivoting the board
towards the housing to bring the board into registry with
structure on the interior of the housing.

In an additional aspect, a charger plug 1s disclosed for
connecting with a power outlet to converting imput current
power received from the power outlet to output current power,
the charger plug being electrically connectable to a recharge-
able electronic device for providing the output current power
thereto, the charger plug including a housing having a first
portion oriented towards a power outlet when connected
thereto and a second portion, the charger plug including first
and second separate blade members secured with the first
portion of the housing so as to have prong portions of the
blade members extending 1n the first direction from the hous-
ing, and the charger plug including a connector at the second
portion of the housing, the connector adapted for removably
receiving a corresponding apparatus for transmitting power to
the electronic device, the improvement of the charger plug
being the connector 1s aligned with the prong portions, and
the connector receiving the corresponding apparatus in a
direction substantially opposite the first direction.

In some forms, the improvement may also include the
housing having a tapered portion at a rear end thereot, the
tapered portion having an opening, and the connector being
accessible through the tapered portion opening. In some
forms, the charger may include a supporting substrate on
which internal circuitry for converting power 1s mounted, and
the improvement may also include the supporting substrate
being a board extending 1n a lateral direction relative to the
prong portions, the connector 1s mounted on the board, and
the housing has a shape to provide a tactile indication of an
orientation of the connector.

BRIEF DESCRIPTION OF THE DRAWINGS

In the Figures, FIG. 11s a rear perspective view of a plug of
the present invention showing a connector opening at a rear
end of the plug for recerving a connecting cord for electrically
coupling the plug with an electronic device, prongs of blades
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6

extending from a forward end for receipt into an electrical
outlet for receiving power therefrom;

FIGS. 2A-2C are exploded perspectives of the plug ol FIG.

1 showing a pair of blades including the prongs, an internal
circuitry assembly for power conversion including a printed
circuit board and the connector being mounted thereon,
spring contacts mounted on the printed circuit board for elec-
trically coupling the blades to the printed circuit board, and
housing upper and lower halves for receiving the blades and
internal circuitry;

FIG. 3 15 a perspective view of the plug of FIG. 1 with the
lower housing half removed to show the spring contacts
coupled with the blades mounted in the upper housing half;

FIG. 4 15 a perspective view of the plug of FIGS. 2A-2C
with the upper housing half removed to show the spring
contacts coupled with the blades mounted 1n the lower hous-
ing half, a power cord coupled with the connector for provid-
ing power to an electronic device;

FIG. 5 1s a perspective view of the blade of FIG. 1;

FIG. 6 1s atop plan view of the blade of FIG. 1 with a partial
cut-away to show a configuration of a bore therethrough;

FIG. 7 1s a perspective view of the upper housing half
showing structure for positioming the printed circuit board
therewithin, showing slots for receiving the blades to secure
the blades and permit a prong portion thereof to extend from
the upper housing half, and showing a peripheral shoulder
formed for receiving the lower housing half;

FIG. 8 1s a bottom plan view of the upper housing half
showing a configuration of the slots and showing blind open-
ings for recerving and positioning the blades therewithin;

FIG. 9 1s an enlarged view of detail 9 of FIG. 8 showing the
configuration of one of the slots to accommodate the configu-
ration of the blade received therein;

FIG. 10 1s a front elevation view of the upper housing half;

FIG. 11 1s a cross-sectional view taken through the line
11-11 of FIG. 10 showing the configuration of one of the slots
thereof;

FIG. 12 1s a perspective view of the lower housing half
showing structure for receiving the printed circuit board
therewithin, showing slots for receiving the blades to secure

the blades and permit a prong portion thereof to extend from
the upper housing half, and showing a peripheral tongue for
receipt into the upper housing half;

FIG. 13 1s a top plan view of the lower housing half show-
ing a configuration of the slots for the prong portions and
showing blind openings for recerving and positioning the
blades therewithin;

FIG. 14 1s an enlarged view of detail 14 of FIG. 13 showing,
the configuration of the slots to accommodate the configura-
tion of the blade received therein;

FIG. 15 1s a front elevation view of the lower housing half;

FIG. 16 1s a bottom plan view of the mternal circuitry
showing the shape of spring arms of the spring contacts,
showing a recess permitting the spring arms to shift rear-
wardly when pressed imto the blades whereby bias of the
spring contacts maintains the spring contacts in electrically
communication and coupling with the blades;

FIG. 17 1s a perspective view of the relative positioning and
the configuration of the spring contacts in a natural state, the
spring contacts having an elbow portion for snap-fitting into
the printed circuit board;

FIG. 18 1s a front perspective of the printed circuit board
with the spring contacts secured therewith; and

FIG. 19 1s a front elevation view of a label positionable
against a front surface of the assembled plug.
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FIG. 20 1s a schematic representation of a power cord
mateable to a charger plug of the present invention mateable

to a standard NEMA outlet.

DETAILED DESCRIPTION

Referring mitially to FIGS. 1-4, aplug 10 having a reduced
package size and improved manufacturing 1s illustrated, the
plug 10 preferably being a AC to DC charger plug for con-
verting input electrical power to output electrical power,
thereby providing charging power to rechargeable portable
clectronic devices or the like. As can be seen, the plug 10
benefits from a structure and method of assembly provided by
an mput assembly 11 which, in the present form, includes a
pair ol blades 12 having prong portions 30, discussed below.
The blades 12 are received by a housing 14, and the plug 10
turther includes spring contacts 16 for electrically connecting
the blades 12 with internal circuitry 18 of the plug 10.

In the present form, the housing 14 1s a clamshell-type
housing having upper and lower halves 22 and 24. The inter-
nal circuitry 18 and blades 12 are assembled 1nto one of the
halves 22, 24, and the halves 22, 24, are then secured together
such as by electronic welding or by a snap-fit, as are known in
the art.

In the present form, the internal circuitry 18 includes a
supporting substrate, such as a board 30 which 1s preferably a
printed circuit board (PCB), onto which electronic compo-
nents 32 are secured and assembled, the components 32 being
supported thereon. The components 32 preferably include a
power conversion circuit for receving an mput alternating
current (AC) voltage, for reducing the voltage, for converting
the AC to direct current (DC), and for transmitting the DC
with the reduced voltage to an output 34. In the present form,
the components 32 include a connector 36 for coupling with
a removable power cord 37, the power cord 37 in turn able to
be coupled to an electronic device (not shown) for providing,
the reduced voltage DC power to the electronic device. When
assembled, the connector 36 1s positioned at a rear end 40 of
the housing 14, and the housing 14 1s preferably tapered from
lateral sides 42 and from upper and lower sides 44 towards a
connector opening 46 configured in registry with the connec-
tor 36 to provide access to the connector 36. This tapering
mimmizes weight and materials cost, as well as provides a
desirable aesthetic for the plug 10.

In greater detail, it can be seen that that the blades 12 and
housing 14 provide a direction of insertion into a power
source (outlet or power strip having one or more receptacles),
the plug 10 being advanced towards the outlet 1n the insertion
direction so that the blades 12 are recerved in the outlet and
the plug 10 being withdrawn or advanced away from the
outlet 1n an opposite, removal direction to remove the blades
12 from the outlet. The connector 36 allows for the power
cord 37 to be recerved therein by advancing the power cord 37
in the same 1nsertion direction, and the power cord 37 to be
removed from the connector 36 in the same opposite, removal
direction. The power cord 37 includes a plug end 374 that 1s
recetvable and removable from the connector 36 and, 1n a
preferred form, the extent of advancement 1n the nsertion or
removal directions for the plug end 37a relative to the con-
nector 36 1s less than the extent of advancement of the blades
12 for insertion or removal from the power outlet. In this
manner, once the plug 10 1s recerved 1n the power outlet, 1t 1s
casier (1.e., requires less space and movement) to disconnect
the power cord 37 from the plug 10 than 1t 1s to remove the
plug 10 from the power outlet. The configuration of the con-
nector 36 relative to the blades 12 also allows the plug 10 to be
secured with and/or removed from the power outlet by
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advancement through a relatively small space (e.g., minimal
clearance in directions lateral to the directions of insertion/
removal), and the power cord 37 can be connected/removed
through the same relatively small space. In the most pretferred
form, the connector 36 1s positioned 1n the plug 10 so that 1t 1s
aligned with the blades 12.

Turming to FIGS. 5 and 6, one of the blades 12 1s 1llustrated.
The plug 10 15 provided with a pair of blades 12 for connec-
tion with a standard power outlet, 1.e., 120 VAC. In order to
simplily parts and assembly, 1t 1s preferred that the each of
pair of blades 12 1s 1dentical to the other, though reversed in
orientation when secured 1n the plug 10. As can be seen the
blade 12 includes a prong portion 50 with a size and shape
known 1n the art to include a beveled terminus 52 and a bore
54.

The blade 12 1s generally formed integral as a unitary item
and, preferably, 1s a simple cut and stamped component. The
cold-working of the stamped blade 12 provides rigidity and
strength to the blade 12. The prong 50 extends from the
terminus 52 rearwardly to an elbow portion 56 that forms an
arc of 90 degrees. As can be seen, the blade 12 1n the hor-
zontal direction has uniform thickness throughout, other than
the terminus 32 and bore 34, though such may be varied
according to design criteria such as for reducing materials.

The elbow 56 1s joined to a vertical bar portion 60 having a
greater vertical dimension than the elbow 36 and prong 50 so
that the bar 60 forms first and second legs 62 and 64 which,
depending on orientation when assembled, serve as either
upper or lower legs. As will be discussed below, the legs 62,
64 are received 1n one of either the upper or lower housing
halves 22, 24. Additionally, when assembled, the bar 60 1s
clectrically connected with a spring contact 16, preferably by
biased engagement between the spring contact 16 and a rear-
wardly oriented and vertical surface 60a of the bar 60, as can
be seen 1n FIG. 3.

Turming to FIGS. 7-11, a form of the upper housing half 22
1s 1llustrated. The upper housing haltf 22 partially defines an
interior region 70 into which the internal circuitry 18 1s posi-
tioned during assembly. Extending from an internal surface
72 of the haltf 22 1s a plate 74 which assists 1n registry of the
halt 22 with the PCB 30 which has a slot 76 for receiving the
plate 74. A rear end 78 of the half 22 includes a tapered region
80, as described above, that forms a portion of the connector
opening 46. The half 22 includes generally radiused sides 82,
which serve to reduce packaging size and materials as well as
promotes removal from the mold assembly, and interior run-
ners 84 that provide rigidity to the plug 10, and that provide
registry for the PCB 30 (as can be seen 1n FIG. 3). Addition-
ally, it should be noted that the half 22 has a peripheral wall 86
and an interior shoulder 87 formed therewith, the runners 84
extending downward beyond the shoulder 87 to define a
recess 88 between the wall 86 and the runner 84 for recerving
a tongue 89 formed on the lower housing half 24, as will be
discussed below.

A front end 90 of the upper housing haltf 22 includes struc-
ture 92 for receiving, positioning, and somewhat securing
blades 12 therewith. In general, the structure 92 includes
portions defining a slot 94 which recerves and constrains the
blade 12 at or about the elbow 56 and/or the prong 50, and the
structure 92 includes portions defining a blind opening 96 1o
receiving one of the legs 62, 64, as can be seen 1n FIGS. 3 and
4.

With particular emphasis on FIGS. 8 and 9, the slot 94
passes through from a front surface 100 of a front wall 102 to
a rear surface 104 thereof. An inboard side 106 of the slot 94
includes a structure 108, shown as a bevel or chamfer, for
accommodating and, preferably, abutting an inner curve side
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110 of the elbow 56 to provide constraint thereagainst. While
the structure 108 may be curved to match the elbow 36, such
would require greater precision in tolerances without appre-
ciable constraining benefit. An outboard side 114 of the slot
94 simply includes a generally flat surface 116 that merely
need make contact with an outer surface 118 of the prong 50
and/or elbow 56.

The blind opening 96 preferably has a non-circular cross-
sectional shape 120 and 1s preferably shaped to receive a
blade leg 62, 64 1n a relatively defined position. More prefer-
ably, the legs 62, 64 are rectangular 1n cross-sectional shape,
the blind opening shape 120 1s rectangular having walls 120a-
124, and the blind opening 96 1s sized to receive a leg 62, 64,
therein with a small amount of friction between at least two of
the walls 120a-120d and the leg 62, 64 received therein, and
the blade bar 60 1s thus generally vertically aligned in a
direction transverse to the direction that the plug 10 generally
extends.

Referring now to FIGS. 12-15, a form of the lower housing
half 24 1s illustrated with similar structures as the upper
housing half 22. Specifically, the lower housing halt 24 par-
tially defines the interior region 70 into which the internal
circuitry 18 1s positioned during assembly, includes a rear end
130 having a tapered region 132 forming a portion of the
connector opening 46, includes generally radiused sides 134,
and 1nterior runners 136. In contrast to the upper housing half
22, the lower housing haltf 24 includes an exterior shoulder
137 positioned outside of the aforementioned tongue 89, the
interior runners 136 joined with the tongue 89 to provide
rigidity thereto. When assembled, the tongue 89 and runners
136 are received within the peripheral wall 86 of the upper
housing half 22, the tongue 89 being received between the
peripheral wall 86 and the upper runners 84. Depending on
design criteria, the tongue 89 may be advanced within the
peripheral wall 86 to an extent that a tongue top surface 894
contacts the shoulder 87, though this 1s not necessary. In
alternative forms, the tongue 89 and peripheral wall 86 may
be provide with snap {it structure, though 1n the present form
the upper and lower housing halves 22, 24 are electronically
welded or glued.

Comparing FIG. 10 showing the upper housing half 22 and
FIG. 15 showing the lower housing half 24, it can be seen that
the lower housing half 24 has a vertical dimension 150 that 1s
greater than a vertical dimension 152 of the upper housing
half 22, except for the plate 74. The greater dimension 150 1s
a result of the protruding tongue 89. However, a vertical
dimension 154 of the lower housing half 24 from a bottom
side 156 to the shoulder 137 i1s roughly approximate the
vertical dimension 152 of the upper housing half 22 from a
top side 160 to a top surface 162 of the peripheral wall 86.

Like the upper housing half 22, the lower housing half 24
includes structure 170 for receiving, positioning, and some-
what securing blades 12 therewith. The structure 170 gener-
ally mncludes portions defining a slot 172 (the slot 172 being
greater 1n vertical dimension that slot 94 of the upper housing
half 22 due to the need for the slot 172 to pass through the
tongue 89) which recetves and constrains the blade 12 at or
about the elbow 56 and/or the prong 50, and the structure 170
including portions defining blind openings 96 for receiving
one of the legs 62, 64 in a manner substantially identical to
that of the upper housing half 22.

With particular emphasis on FIGS. 13 and 14, the slot 172
passes through from a front surface 180 of a front wall 182 to
a rear surface 184 thereof. An imnboard side 186 of the slot 172
includes a structure 188, shown as a bevel or chamfier, for
accommodating and, preferably, abutting an inner curve side
110 of the elbow 56 to provide constraint thereagainst, while
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an outboard side 190 may have a flat surface 192, each feature
of which being similar to that described for slot 94 of the
upper housing half 22.

The upper and lower housing halves 22 and 24 cooperate to
constrain the vertical position of the PCB 30. As can be seen
in FIGS. 7 and 8, the upper housing half 22 includes supports
194 against which the PCB 30 rests when the plug 10 1s
assembled. The runners 137 of the lower housing half 24
contact the PCB 30 from an opposite side as the supports 194
so that the PCB 30 i1s somewhat constrained or lightly sand-
wiched between the runners 137 and supports 194.

Turming now to FIGS. 16-18, the internal circuitry 18 and
spring contacts 16 are illustrated. As discussed above, the
internal circuitry 18 preferably includes a PCB 30 and a pair
of spring contacts 16. The spring contacts 16 are simply
formed of wire and, thus, are much less expensive than con-
tacts made by other means, such as stamped components. As
the spring contacts 16 are used with respective blades 12, the
spring contacts 16 are electrically 1solated from one another.
Each spring contact 16 includes a first extent 200 received 1n
an opening 202 of the PCB 30, a second extent 204 running
along a surface 206 of the PCB 30 when secured therewith, an
clbow barb 208 recerved 1n an elongated opening 210 of the
PCB 30, and a spring arm 212 extending from the barb 208.
The spring arm 212 extends 1n a generally longitudinal man-
ner, and extends generally parallel to the PCB 30, with the
arm end 212a free so that the spring arm 212 1s resiliently
deflectable and/or flexible. This flexibility allows the spring
arm 212 to provide a resilient bias force when deflected
laterally from its natural position. The barb 208 1s snap-fit into
the elongated opening 210 such that the barb 208 15 com-
pressed inwardly and ramps over a barb point 208a as the barb
208 passes 1nto the elongated opening 210. Thus, compres-
s10n 1s required to remove the barb 208 and spring contact 16
from the PCB 30. Preferably, the barb 208 received in the
PCB 30 1s under compression so that friction between the
barb 208 and PCB 30 reduces likelihood of shifting of the
spring contact 16.

When the spring contact 16 1s secured with the PCB 30, the
blade bar 60 1s received forward of the spring arm 212 and, to
an extent, 1n a recess 220 formed at a forward edge 222 of the
PCB 30, though other constructions could be utilized. When
assembled as such, the spring arm 212 is shifted from 1ts
natural position and rearwardly 1nto the recess 220 so that the
forward bias of the shifted spring arm 212 serves to maintain
the spring arm 212 and blade bar 60 1n electrical connection.
As can be seen, the spring arm 212 further includes a for-
wardly extending elbow 230 to provide additional bias force
when the blade bar 60 contacts and forces the elbow 230
rearwardly. The bias force between the spring arm 212 and the
blade bar 60 tends to cause a torque or rotation around a
vertical axis. Accordingly, the first extent 200 serves to mini-
mize the ability of the spring contact 16 to rotate when the
plug 10 1s assembled.

The shifting or deflection of the spring arm 212 1s properly
understood as a leal spring, as a torsion spring, or as a com-
bination of both, the spring contact 16 providing elastic con-
tact force as described herein. That 1s, the spring arm 212 1s
resiliently deflectable 1n the manner of a leaf spring. The
spring arm 212 1s also secured or integral with the balance of
the spring contact 16 that 1s secured with the PCB 30, which
1s secured 1n an offset manner relative to the direction of
longitudinal extent of the spring arm 212. Therefore, when
the spring arm 212 1s shifted from its natural position, a torque
1s experienced between the spring arm 212 and, in the present
form, the barb 208 secured 1n the elongated opening 210. Due
to this torque, the operation of spring contact 16 (or, the
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cooperation between the spring arm 212 and the barb 208) can
be viewed as a torsion spring for contacting the blade mem-
bers.

Turning to FIGS. 2A-2C and 19, a label 240 having open-
ings 241 for the prongs 50 1s 1llustrated. Generally, regulatory
bodies require an imndication of certain information regarding,
clectrical devices. The label 240 provides an easy and simple
manner in which to provide this information, yet has addi-
tional benefits. For instance, by placing the label 240 on the
front end of the plug 10, on front surfaces 100 and 180, the
plug 10 has an improved aesthetic as such information 1s not
visible by a user when the prongs 50 are received 1n a power
outlet. The use of the label 240 allows the housing 14 to be
used with charger plugs having a variety of ratings (i.e.,
output voltages) without separate housings 14 to be molded
for each. Additionally, as the label 240 1s provided with glue
or pressure-sensitive adhesive, for instance, the label 240 may
be used for assembly purposes by spanning the seam between
the upper and lower halves 22, 24 at their front surfaces 100,
180.

An improved method of assembly 1s provided by the plug
10. The PCB 30 and the components 32 located thereon are
provided as an assembly 250, and a pair of spring contacts 16
are mounted therewith so that the barb 208 1s recerved 1n the
clongated opeming 210 and the first extent 200 1s received 1n
the opening 202. Separately, the upper housing half 22 1s
provided and, a pair of blades 12 are mounted therewith by
advancing one leg 62, 64 of each blade 12 into the blind
openings 96 with a frictional fit. Continued advancement of
the blades 12 brings the elbow 56 and prong 50 into the slot
94. The PCB assembly 2350 1s then positioned with the spring
contact spring arms 212 against a backside of the blade bars
60, the PCB assembly 250 being inclined with respect to the
upper housing halt 22 so the connector 36 1s positioned above
and out of the connector opening 46 portion of the rear end 78.
Pressure 1s applied to the PCB assembly 250 towards the
blades 12 so that the spring arms 212 are shifted rearwardly
toward the PCB 30, creating a bias force therebetween. Sub-
sequent or simultaneous with applying the pressure, the PCB
assembly 250 1s rotated or pivoted (the spring arms 212 gen-
erally providing the pivot or center of rotation) into the halt 22
until the runners 84 are recerved within notches 252 formed in
the PCB 30. The PCB assembly 250 1s thus compressed
somewhat between the runners 84 and the blade bars 60. The
lower housing halt 24 1s then positioned with its interior open
to the internal circuitry 18, and the blind openings 96 of the
lower housing half 24 are aligned with the other legs 62, 64 of
the blades 12. The lower housing half 24 1s then advanced
towards the upper housing half 22 so that the legs 62, 64 are
received within the blind openings 96 thereot, and the elbow
56 and/or prong 50 is received within the slots 172. With
continued advancement, the tongue 89 and peripheral wall 87
and related structures are brought together in the manners
described above. The halves 22 and 24 are then joined such as
by electronic welding, glue, use of the label 240, other known
manners, or a combination thereof.

It should be noted that, as described, the dimensional size
of the plug 10 at the front surfaces 100, 180 1s small enough
that the plug 10 does not interfere with use of an adjacent
plug, such as 1s known for two- or three-outlet receptacles as
defined by NEMA standards.

It should also be noted that the plug 10 locates the connec-
tor 36 and the opening 34 thereof 1n line with the prongs 50.
To be specific, it 1s known that a typical device connected to
a power outlet, such as a lamp or television, includes a plug,
blades extending from the plug, and a cord extending from the
plug in a direction opposite the blades. An example of a prior
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art charger having a receptacle, similar to the described con-
nector 36 and connector opening 34, 1s that which 1s provided
by Apple, Inc., for some of its popular IPod music player
devices. When looked at from a side of the prongs, the Apple
charger includes a relatively large housing with a somewhat
square profile. The housing sufficient extends, relative to the
prongs, so that the charger recerved in a power outlet could
interfere with an adjacent receptacle, and would likely inter-
tere with an adjacent receptacle on a power strip. Viewed 1n
another direction, the charger housing 1s generally an elon-
gated rectangle, a shape that conforms to the orientation of a
motherboard or PCB therein for mounting of the charger
components. The prongs of the Apple charger are pivotable, a
feature designed to promote the portability of the charger,
such as 1n a backpack.

As stated above, the Apple charger has a receptacle for
connectably recerving a cord. However, the purpose of this 1s
somewhat different than that suggested herein: the IPod
device originally provided a single port for communication
with a computer and for communication with a power source.
That 1s, a IEEE 1344 or FireWire cord could be connected to
the single port and, then, either connected to the charger or to
a computer. Accordingly, the Apple charger was simply con-
cerned with being able to remove the cord from the charger so
that the same cord could then be connected to the computer. In
other words, little attention was paid to the charger itsellf,
aside from the pivotable prongs and the connectability fea-
ture. Additionally, the size and shape of the Apple charger are
generally dictated by the internal components thereot, includ-
ing the PCB.

The present plug 10 overcomes a number of deficiencies of
the Apple charger and other prior art. For example, the plug 10
allows the plug 10 itself to avoid interfering with an adjacent
receptacle of a wall outlet or of a power strip. This 1s achieved
in a number of manners, including the configuration of the
internal circuitry 18 and the size and shape of the plug hous-
ing 14. The present plug 10 has the blades 50 aligned with the
opening 34, thereby presenting greater stability, also due to
the configuration of the internal circuitry 18 and the PCB 30
and the housing 14, so that the connector 36 1s mounted 1n
centered alignment with the blades 50, both 1 vertical and
horizontal directions. As discussed herein, the alignment of
the connector 36 and opening 34 with the blades 50 allow the
cord 37 to be easily connected with and removed from the
plug 10 through relatively small spaces and without interfer-
ing with the use of adjacent outlets. While the surface of the
Apple charger recerving the cord is flat, in the present plug 10
includes the tapered rear end 40 to assist a user with manually
and tactiley locating, 1dentifying, and connecting the connec-
tor 36 with the cord 37, as well as relative orientations of each,
as may be necessary when reaching into a small space or
when visual identification 1s difficult or impossible.

In a preferred form, the connector 36 1s a mini1-USB con-
nector, though any type of connector may be used. As such,
the plug 10 may be usable with a variety of cords 37, each
having a standard plug end 37a, so that each of the cords 37
may connect the plug 10 with a particular device. In other
words, a single plug 10 may be provided with a plurality of
cords 37, and each of the cords 37 can be provided with a first
end 37a for receipt 1into the connector 36, and with a second
end (not shown) for connecting with a particular device, such
as a particular make and model of cell-phone. Therefore, a
person having multiple devices that may be used with plug 10
may each be connected with the connector 36 via the different
cords 37. As examples of the utility of this, a traveler may
reduce the chargers he or she must bring to a single charger, a
person purchasing a new rechargeable device can simply buy
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an mexpensive cord 37 for connecting to the charger plug 10
for use with the device, and a person replacing a device need
not also replace the charger.

While 1t 1s known 1n the art to provide one or more con-
nectable cords for a single charger, it 1s not believed that any
prior art charger having such feature 1s able to provide the
stability and ease of use provided by having the connector
opening 34 for accessing the connector 36 aligned with the
blades 50, 1s able to provide a plug that permits use of the
adjacent power outlets when connected, and provides a shape
tor the housing 14 and orientation of the opening 34 such that
a user easily recognizes, such as without being able to visu-
ally inspect the plug 10, the proper orientation of the plug 37
when attempting to connect with the plug 10. To promote this,
the PCB 30 1s mounted 1n a lateral direction relative to the
direction of the prongs 50 and the connector 36; 1n other
words, while the prongs 50 and connector 36 extending in
opposite directions and are respectively coupled with the
outlet and cord 37 by movement along a general line, albeit 1n
opposite directions, the generally planar PCB 30 1s mounted
in the housing 14 so that 1ts plane extends between the prongs
50 and connector 36, as well as so that, were the plug 10
oriented so the upper housing haltf 22 1s vertically oriented
relative to, and directly above, the lower housing half 24, the
PCB 30 1s oriented 1n a horizontal manner.

As described, the plug 10 provides a number of benefits.
The plug 10 size 1s reduced as the extent of the blades 12
beyond what 1s necessary for the prongs 50 1s merely the size
of the blade bar 60 and the thickness of the front walls 102,
182. The spring contacts 16 have little forward-to-rear direc-
tional dimension. The dimensional reduction over the afore-
mentioned *984 patent 1s approximately 2-4 mm. Addition-
ally, by not soldering the blades 12 to the spring contacts 16,
package space required for soldering 1s eliminated, as are the
labor costs and the risks of damage due to solder, the plug 10
can easily be disassembled if 1t 1s determined that one of the
internal circuitry components 32 1s defective, and the space
on the PCB 30 required for electrical connection to the blades
12 1s minimized. By securing the blades 12 in the manner
described, the problems of insert molding or the like are
climinated. The reduced package size and steps of assembly
reduce matenals and labor required to manufacture and
assemble the components and the plug 10 as a whole. The use
of wire for the spring contacts 16 1s a significant cost and
materials savings over the complicated stamped components
of the prior art. By way of example, the lateral width of the
plug housing 14 1s less than 1.75 inches, and preferably
approximately 1.35 inches; the overall longitudinal length of
the housing 14 1s less than 2.0 inches, and preferably approxi-
mately 1.75 inches; and the height of the housing 14 1s less
than 1.0 inches, and preferably approximately 0.7 inches.

While the invention has been described with respect to
specific examples including presently preferred modes of
carrying out the imnvention, those skilled in the art will appre-
ciate that there are numerous variations and permutations of
the above described systems and techmiques that fall within
the spirit and scope of the mmvention as set forth in the
appended claims.

What 1s claimed 1s:

1. A charger plug capable of connecting with a two or three
receptacle power source to convert 120V 1input power
received from the power source to DC output power, the
charger plug being electrically connectable to a rechargeable
clectronic device via a power cord for providing the DC
output power thereto, the charger plug including a housing,
the charger plug comprising:
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first and second separate blade members secured within the
housing so as to have prong portions of the blade mem-
bers positioned 1n order to extend 1n a first direction from
a front wall of the housing, the prong portions adapted to
be recewved 1n the receptacle openings of the power
SOUrCe;

the charger plug including a DC connector having an aper-
ture adapted to removably recerve a corresponding
power cord plug end for transmitting DC power to the
rechargeable electronic device;

the charger plug housing forming a) a charger plug face
area defined by the front wall b) an outer profile defined
by a perimeter of the front wall and defined by a plug
body extending rearward from the front wall and ¢) a
rear end opposite the front wall;

the charger plug configured to be capable of plugging into
a standard wall outlet and further:

1) being sized so that the charger plug housing comprises a
longitudinal length extending between the front wall and
the rear end and the longitudinal length 1s equal to or less
than 2.0 inches and

11) the outer profile having no interference with an adjacent
receptacle of the power source located on all sides of the
first receptacle when a like charger plug 1s mounted 1n all
available orientations 1n any of the other receptacles,

so that when space 1s limited by an obstacle adjacent or in
front of the power source the charger plug 1s capable of
being conveniently mounted to one of the receptacles,
the power cord plug end may be conveniently recerved
by the DC connector and the power cord plug end can be
conveniently removed from the DC connector while
leaving the charger plug connected to the receptacle.

2. The charger plug of claim 1 wherein the charger plug
face area has a perimeter that defines generally one of a
polygonal, squared-off circle, ovoid or circular shape and the
receptacle face area has a periphery that defines generally one
of a polygonal, squared-oif circle, ovoid or circular shape.

3. The charger plug of claim 2 wherein the perimeter of the
charger plug defines a footprint that 1s not the same shape as
the periphery of the receptacle.

4. The charger plug of claim 2 wherein the periphery of the
receptacle surrounds less than all sides of a group of the
receptacles.

5. The charger plug of claim 4 wherein the power source
comprises a receptacle having two or three groups of recep-
tacle openings disposed 1n a single continuous plate compris-
ing the first and second receptacles.

6. The charger plug of claim 1 wherein the power source
comprises four receptacles disposed in the wall outlet.

7. The charger plug of claim 1 wherein the power source
includes three receptacle openings disposed in each of the
first, second and third receptacles.

8. The charger plug of claim 1, further comprising the
housing having a tapered portion at a rear end thereot, the
tapered portion having an opening, and the connector being
accessible through the tapered portion opening.

9. The charger plug of claim 1, further comprising a sup-
porting substrate on which internal circuitry for converting
power 1s mounted, the supporting substrate being a board
extending 1n a lateral direction relative to the prong portions,
and the housing has a shape to provide a tactile indication of
an orientation of the connector.

10. The charger plug of claim 1 wherein the housing forms
an outer profile having a longitudinal length of the housing
outer profile being less than approximately 2.0 inches and a
width of the housing outer profile being less than approxi-
mately 1.7 inches.
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11. The charger plug of claim 1, wherein the connector 1s
USB receptacle.

12. The charger plug of claim 1, wherein the aperture of the
connector for receiving the power cord plug end has an inser-
tion depth that 1s less than an insertion depth of the receptacle
of the power source, the insertion depth of the receptacle
being defined by the blade members of the charger plug being,
measured between an exit point where the blade member exits

the housing and a terminal point on the blade member furthest
from the exit point, so that the power cord plug end can be
conveniently removed in a small space leaving the charger
plug connected to the receptacle.

13. The charger plug of claim 1 wherein the connector 1s
positioned on the housing so that a second direction of 1nser-
tion of the connector aperture 1s substantially 1n-line with the
first direction of the blade members of the charger plug to
provide a shorter travel path for mserting and removing the
power cord plug end when space 1s limited by an adjacent
obstacle.

14. The charger plug of claim 1 wherein the charger plug
includes a rear end on a side opposite the front wall and the
connector 1s positioned on the housing so that a second direc-
tion of insertion of the connector aperture i1s substantially
perpendicular with the first direction of the blade members of
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the charger plug to provide a shorter travel path for inserting,
and removing the power cord plug end when space 1s limited
by an obstacle adjacent the rear end of the charger plug.

15. The charger plug of claim 1, wherein the power source
comprises a power strip having multiple receptacles aligned
side by side along the power strip.

16. The charger plug of claim 1, wherein the power source
comprises a wall outlet.

17. The charger plug of claim 1, wherein the charger plug
includes the DC connector oriented 1n order to provide a first
removal force to remove the power cord plug end from the DC
connector that 1s less than a second removal force to remove
the blade members from the receptacle openings of the power
source.

18. The charger plug of claim 1, wherein the DC connector
has an aperture adapted for removably receiving a corre-
sponding power cord plug end for transmitting DC power to
the electronic device, the power cord plug end insertable
within the aperture along a second longitudinal insertion axis
ol the connector aperture that 1s substantially in-line with the
first direction.

19. The charger plug of claim 1, wherein the blade mem-
bers are non-movably mounted to the housing.
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